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Abstract
A new scheme for Yukawa matrices is proposed for free of flavor changing neutral currents
(FCNCs) at tree level in general two-Higgs-doublet model (THDM) without imposing symmetry.
We find that the new type couplings of charged Higgs to fermions not only depend on the flavors,
but also can be ascribed by new CP violating phases. Unlike conventional THDM, the resulted
new charged Higgs effects could have the specialties: (a) the influence on Γ(K±e2)/Γ(K
±
µ2) cannot
be eliminated, (b) the decay constant of Ds could be enhanced, and (c) enhancement of branching
ratio for B+ → τ+ν could be achieved.
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Despite most experiments in agreement with the standard model (SM) predictions, it
is believed that SM is an effective theory at electroweak scale. For understanding the
neutrino oscillations, matter-antimatter asymmetry, dark matter, etc., new physics beyond
the SM should be included. A direct way to explore the exotic events is through high energy
collisions, such as Large Hadron Collider (LHC) and International Linear Collider (ILC).
However, by precision measurement and small theoretical uncertainties, low energy system
could also provide a good environment to detect the new physics effects indirectly.
Recently, since the experimental data have been reached a new precise level and some
inconsistent results between theory and experiment are revealed, the potential of testing the
SM in P → ℓν¯ has been studied broadly and seriously [1–6], where P denotes the charged K,
D and B mesons. The current relevant measurements and SM predictions for the leptonic
decays are summarized as follows: the world average (WA) of fDs extracted by Ds → ℓ+ν
is [7]
fDs = 257.5± 6.1 MeV , (1)
where the new measurement on Ds → τ+ν by BaBar Collaboration [8] has been taken into
account; however, the theoretical average of HPQCD (241±3 MeV) [9] and Fermilab/MILC
(260± 10 MeV) [10] is given by fLattDs = 242.6± 2.9 MeV [11]. Other theoretical prediction
could be referred to Ref. [12]. The 2.4σ deviation from the measurement is the so-called fDs
puzzle. The WA of BR for B → τν now is [13]
B(B+ → τ+ν) = (1.73± 0.37)× 10−4 . (2)
With |Vub| = (0.393 ± 0.036)% [14] and average of fB in calculations of HPQCD (190 ± 13
MeV) [15] and Fermilab/MILC (195 ± 11 MeV) [16], the SM prediction can be read by
BSM(B+ → τ+ν) = (1.01 ± 0.19 ± 0.13) × 10−4. The theoretical prediction is somewhat
smaller than experimental value. As to K+ → ℓ+ν decays, the WA with the measurements
of KLOE [17] and NA62 [18] is
RK =
ΓKe2
ΓKµ2
=
Γ(K+ → e+ν)
Γ(K+ → µ+ν) ,
= (2.498± 0.014)× 10−5 , (3)
whereas the SM predicts RSMK = (2.477± 0.001)× 10−5 [19]. By the accurate measurement
of 0.4% on RK [18], the violation of lepton universality may have the chance to be explored
in mesonic decays.
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To investigate the impact of new physics effects on P+ → ℓ+ν, in this paper, we concen-
trate on the charged Higgs mediated effects in the two-Higgs-doublet model (THDM) [20].
It is well known that the general THDM leads to flavor changing neutral currents (FCNCs)
at the tree level. For avoiding the large tree level FCNCs, some discrete or global U(1) sym-
metry has to be imposed so that one Higgs doublet couples to up-type quarks while another
one couples to down-type quarks [21], where now it is named by type-II THDM. Although
in large tan β scenario (definition given below), the charged Higgs has an important impact
on the P+ → ℓ+ν, however its contributions are destructive and make the theoretical results
further depart from experiments [5, 22]. In addition, the nonuniversal lepton couplings in
RK are eliminated, i.e. the value of RK in type-II THDM is the same as that in the SM [1].
Hence, in order to enhance fDs and B(B+ → τ+ν) and show the violation of lepton univer-
sality in RK , our purpose is to explore the intriguing scenario for Yukawa matrices which
could lead to free of FCNCs at the tree level in the THDM without imposing symmetry.
We start with writing the Yukawa sector in THDM as
−LY = Q¯LY U1 URH˜1 + Q¯LY U2 URH˜2
+ Q¯LY
D
1 DRH1 + Q¯LY
D
2 DRH2 + h.c. (4)
with H˜k = iτ2H
∗
k . We can recombine H1 and H2 so that only one of Higgs doublets develops
vacuum expectation value (VEV). Accordingly, the new doublets are expressed by
h = sin βH1 + cos βH2 =

 G+
(v + h0 + iG0)/
√
2

 ,
H = cos βH1 − sin βH2 =

 H+
H0 + iA0

 (5)
where sin β = v1/v, cos β = v2/v, v =
√
v21 + v
2
2, < H >= 0 and < h >= v/
√
2. As a result,
Eq. (4) can be rewritten by
− LY = Q¯LY¯ U1 URh˜+ Q¯LY¯ U2 URH˜
+ Q¯LY¯
D
2 DRh− Q¯LY¯ D1 DRH (6)
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with
Y¯
U(D)
1(2) = sin βY
U(D)
1 + cos βY
U(D)
2 ,
Y¯ U2 = cos βY
U
1 − sin βY U2 ,
Y¯ D1 = − cos βY D1 + sin βY D2 . (7)
Here, Y¯
U(D)
1(2) dictate the masses of quarks while Y¯
U(D)
2(1) provide the couplings of new neutral
and charged Higgses to the SM particles. We note that the same expression could be applied
to leptons and the corresponding Yukawa matrices could be read by Y¯ ℓ2,1, respectively. Hence,
from Eq. (6) the diagonalized mass matrix for fermions is given by
mdiaF =
v√
2
V FL Y¯
F
α V
F †
R (8)
where α = 1(2) for F = U(D, ℓ). Clearly, if Y¯ F1(2) and Y¯
F
2(1) cannot be diagonalized simulta-
neously, the FCNCs at tree level will be induced and associated with doublet H . Now our
purpose is to look for the nontrivial Y¯ F2(1) so that FCNCs can be avoided. The most obvious
solution to the question is the aligned Yukawa matrices, i.e. Y¯ F2(1) ∝ Y¯ F1(2) [23]. Due to the
coupling of charged Higgs and charged lepton being proportional to the mass of lepton, this
scenario will lead to the ratio, defined by
RP =
Γ(P±ℓ′2)
Γ(P±ℓ2)
, (9)
to be the same as SM; in other words, the violation of lepton universality in RP will be
canceled. We will show that in some interesting scenario, not only can Y¯ F2(1) and Y¯
F
1(2) be
diagonalized simultaneously but also the violation of lepton universality could be generated
in RP by H
±-mediated effects.
To find the suitable Y¯ F2(1) for satisfying our criterions, we set the relevant matrices to be
I00 =


a 0 0
0 b 0
0 0 c

 , I12 =


0 a 0
b 0 0
0 0 c

 ,
I23 =


a 0 0
0 0 b
0 c 0

 , I31 =


0 0 a
0 b 0
c 0 0

 (10)
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with a, b and c being arbitrary complex numbers. Multiplying the mass matrix of Eq. (8) by
Iij following Iijm
dia
F I
†
ij , Iijm
dia
F Iij and Iijm
dia
F I
T
ij , one can find that the resulted new matrices
are still diagonal. For illustration, we explicitly express (m¯diaF )ij ≡ IijmdiaF ITij as
(m¯diaF )00 =


a2mf1 0 0
0 b2mf2 0
0 0 c2mf3

 , (m¯diaF )12 =


a2mf2 0 0
0 b2mf1 0
0 0 c2mf3

 ,
(m¯diaF )23 =


a2mf1 0 0
0 b2mf3 0
0 0 c2mf2

 , (m¯diaF )31 =


a2mf3 0 0
0 b2mf2 0
0 0 c2mf1

 . (11)
We find that besides the diagonal form is obtained, the new matrices may not have the mass
hierarchy as shown in Eq. (8). Moreover, by the multiplications of Iij × Imn, more possible
patterns can be found. Consequently, a nontrivial and interesting relation between Y F1(2) and
Y F2(1) indeed exists and FCNC free at the tree level can be realized in the THDM without
imposing symmetry. In order to give a general expression, we formulate the new diagonal
matrix as
m¯diaF ≡ IρσmdiaF I˜ρσ = V FL I¯FLρσ
v√
2
Y¯ Fα
˜¯IFRρσV
F †
R , (12)
where Iρσ could be any one of the matrices shown in Eq. (10) or their combinations, I˜ρσ could
be I†ρσ, or Iρσ or I
T
ρσ, I¯
F
χρσ = V
F †
χ IρσV
F
χ with χ = L(R) being the helicity projection operator.
Hence, if we set Y¯ F2(1) = I¯
F
LρσY¯
F
1(2)
˜¯IFRρσ, our purpose to find the solution to diagonalizing Y¯
F
1(2)
and Y¯ F2(1) simultaneously has been achieved. It is worth mentioning that although there are
no FCNCs at the tree level, however, due to no symmetry protection, the FCNCs could
be induced by radiative corrections, sketched in Fig. 1(a). Nevertheless, due to the soft Z2
or U(1) breaking term, the similar radiative corrections also occur in the type-II THDM,
illustrated in Fig. 1(b). Although the loop-suppressed FCNCs could have interesting impacts
on rare decays [5, 24], here we only pay attention to the leading effects on tree processes.
We now move forward to the charged Higgs interactions with fermions. Although the
elements in Eq. (11) do not show the regular hierarchy in masses of fermions, however, due
to a, b and c being arbitrary complex numbers, we can reparameterize m¯diaF to be
m¯diaF = ηFm
dia
F (13)
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FIG. 1: FCNCs induced by radiative corrections (a) without imposing symmetry and (b) with Z2
or U(1) symmetry which is broken softly in Higgs potential.
where ηF = diag(ηF1, ηF2, ηF3) is a new diagonal matrix and the elements are undetermined
complex parameters. Based on Eq. (6), the corresponding charged Higgs interactions could
be written as
LH± =
[
U¯RY¯
U†
2 DL + U¯LY¯
D
1 DR + ν¯LY¯
ℓ
1 ℓR
]
H+ + h.c. ,
=
√
2
v
u¯
[
mdia†U η
†
UV PL + V ηDm
dia
D PR
]
d H+
+
√
2
v
ν¯ηℓm
dia
ℓ PRℓ H
+ + h.c. , (14)
where all flavor indices are suppressed and V = V UL V
D†
L is the Cabibbo-Kobayashi-Maskawa
(CKM) matrix. For comparison, if we take ηUi = cotβ and ηDi = ηℓi = tan β (i=1-3),
Eq. (14) can be restored to the type-II THDM.
According to Eq. (14), the effective Hamiltonian for dj → uiℓν¯ℓ mediated by H± is found
by
HH± = −GFVij√
2
η∗ℓmℓ
m2
H±
[
η∗UimUi(u¯idj)S−P
+ ηDjmDj (u¯idj)S+P
]
(ℓ¯νℓ)S−P (15)
where we have used GF = 1/
√
2v2 and (u¯idj)S±P = u¯i(1 ± γ5)dj . With the definition of
P -meson decay constant, given by
〈0|q¯′γµγ5q|P¯ (p)〉 = −ifPpµ ,
〈0|q¯′γ5q|P¯ (p)〉 = i fPm
2
P
mq +mq′
,
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the H±-mediated transition matrix element combined with SM contribution for P¯ → ℓν¯ℓ is
obtained as
MSM+H±
P¯→ℓν¯ℓ
= −iGF√
2
VijmℓfP r
ℓ
P (ℓ¯νℓ)S−P (16)
with
rℓP = 1 +
η∗ℓm
2
P
m2
H±
η∗UimUi − ηDjmDj
mUi +mDj
. (17)
We learn that the H±-mediated contribution is only associated with the factor rℓP and it
depends on the species of lepton due to the appearance of ηℓ. Since ηUi, ηDj and ηℓ are all
free parameters, in order to make the results be more predictive, we can adopt a simple
scenario. As mentioned earlier, ηUi and ηDi,ℓ play the role of cot β and tanβ in the type-II
THDM, respectively. If the new H±-mediated effects would like to satisfy the constraints of
current data such as b→ sγ, it is plausible to set |ηUi| ≪ |ηDi| ≈ |ηℓ| [25]. As a consequence,
rℓP could be simplified by
rℓP ≈ 1−
m2P
m2
H±
mDj
mUi +mDj
|ηDj |2eiφ
ℓ
Dj . (18)
Intriguingly, in this plain scenario we see that the dependence of lepton flavor in rℓP can be
ascribed to the phase factor φℓDj . Since φ
ℓ
Dj
are the new physical phases, in general, they
cannot be rotated away. If we enforce ηDi = tan β, we see that the magnitude of charged
Higgs effects is the same as that in type-II THDM. In other words, apart from the new phase
factor φℓDj , we do not introduce a new enhanced factor.
In order to display the new physics effects numerically, we investigate the influence of
charged Higgs on RK for Kℓ2, on fDsr
ℓ
Ds
for Ds → ℓ+νℓ decays and on BR for B → ℓ+νℓ,
respectively. Using Eqs. (9) and (16), the ratio of Γ(K±e2) to Γ(K
±
µ2) can be expressed by
RK = R
SM
K
(
1 +
m2K
m2
H±
ms
mu +ms
η2s∆c
µe
s
)
(19)
with ∆cµes = cos(φ
µ
s )−cos(φes), where because of the second term in the brackets being much
smaller than unity, we have neglected the terms whose the order is higher than m2Kη
2
s/m
2
H±.
The resulted numerical values as a function of ηs/mH± and ∆c
µe
s are presented in Fig. 2.
The values in the figure denote the ratio RExpK /R
SM
K . We see clearly that due to the lepton
flavor dependent phases, H±-mediated contributions could modify the SM prediction and
be still consistent with current data.
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FIG. 2: Contour for Γ(K±e2)/Γ(K
±
µ2) as a function of ηs/mH± and ∆c
µe
s , where the values in the
figure are RExpK /R
SM
K .
Similarly, the same discussions could be applied to Rπ = Γπe2/Γπµ2 , where the current
world average is Rπ = (1.230±0.004)×10−4 [14] while the SM prediction is RSMπ = (1.2352±
0.0001)× 10−4 [19]. By the results, it seems that Rπ could give a more strict constraint on
free parameters. For clarifying this point, we use the result of Eq. (18) and choose some
typical values of parameters as the illustration. With mu ∼ md, mπ = 0.14 GeV, mH± = 200
GeV and ηd = 50, Eq. (18) could be estimated to be
rℓπ ≈ 1− 1.2× 10−3eiφ
ℓ
d . (20)
As a result, the charged Higgs effect on Rπ is of order of 10
−3, which is smaller than that
on RK by a factor m
2
K/m
2
π ≈ 12. Hence, RK is more sensitive to the charged Higgs effects.
Although P → ℓ+νγ will contribute to the measurement of P → ℓ+ν and contaminate
the extraction of P -meson decay constant, however, it has been studied that the radiative
corrections to D+s → µ+(τ+)ν are around (below) 1% [2, 26]. Consequently, if we regard the
corresponding CKM matrix element as a certain input, the decay constant of charmed meson
could be taken as the physical quantity to test the SM. For D+s,d → ℓ+ν decays, since the
H±-mediated effects are proportional to the masses of down type quarks, from Eq. (16) one
can understand that Lattice calculations and data have consistent results in fDd; however
due to rℓDs being not negligible, a sizable difference in fDs between Lattice [9, 10] and data
can occur. Hence, for displaying the H± effects, the relationship in decay constant of Ds
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between observed value and Lattice can be formulated by
fExpDs ≈ fLattDs
∣∣∣∣1− m
2
Ds
m2
H±
ms
ms +mc
η2s cos φ
ℓ
s
∣∣∣∣ , (21)
where we have assumed that Vus is known and its uncertainty does not have a significant
effect on the decay constant of Ds. Taking mc(2GeV) = 1.27 GeV, ms(2GeV) = 0.104 GeV
and mDs = 1.968 GeV [14], the numerical values of f
Exp
Ds
/fLattDs as a function of ηs/mH±
and φℓs are plotted in Fig. 3. Owing to the appearance of cosφ
ℓ
s, clearly the sign of H
±
contribution could be flipped and the fDs puzzle is solved in the general THDM.
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FIG. 3: Contour for fDs as a function of ηs/mH± and new phase φ
ℓ
s, where the values in the figure
denote fExpDs /f
Latt
Ds
.
According to Eq. (16), the BR for B+ → ℓ+ν can be straightforward written by
B(B+ → ℓ+ν) = BSM(B+ → ℓ+ν)|rℓB|2 (22)
with
rℓB = 1−
(
ηbmB
mH±
)2
eiφ
ℓ
b . (23)
Due to B being a heavy meson, unlike previous cases, we cannot neglect the associated
higher order terms. Accordingly, the contour for the influence of H± on B+ → ℓ+ν as a
function of ηb/mH± and φ
ℓ
b is plotted in Fig. 4, where the values appeared in the figure
represent the ratio of BExp(B+ → ℓ+ν)/BSM(B+ → ℓ+ν). We see clearly that the BR for
B+ → τ+ν can be enhanced to the value of world average.
In addition to the leptonic decays, we could also study the charged Higgs on semileptonic
B decays, such as B → (P, V )ℓν. Since the contributions of charged Higgs to light lepton
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FIG. 4: Contour for BR of B+ → ℓ+ν as a function of ηb/mH± and new phase φℓb, where the values
in the figure denote BExp(B+ → ℓ+ν)/BSM(B+ → ℓ+ν).
are helicity suppression, thus we just focus on tauon related processes. Recently, BaBar [27]
and Belle [28] collaborations have observed B− → Dτν¯τ decays to be
RB¯→Dτν¯τ =
B(B− → D0τ ν¯τ )
B(B− → D0ℓ′ν¯ℓ′) =


(41.6± 11.7± 5.2)% BABAR [27] ,
(48+22+6−19−5)% BELLE [28] ,
(24)
where ℓ′ = e, µ and the SM prediction is RSM
B¯→Dτν¯τ
≈ 0.30 [5]. Although the errors of
current data are still large, however, it will be a strong hint of new physics if any significant
deviation from the SM prediction is found in the future B-factory. For dealing with the decay
for B− → Dτν¯τ , the transition matrix element by SM and H± contributions is written by
M(B¯ → Dτν¯τ ) = 〈τ ν¯τD|Heff |B¯〉 = GFVcb√
2
[〈D|c¯γµ(1− γ5)b|B¯〉τ¯ γµ(1− γ5)ντ
−δH〈D|c¯(1 + γ5)b|B¯〉τ¯(1− γ5)ντ
]
(25)
with δH = mbmτη
2
b/m
2
H±e
iφτ
b . To get the hadronic QCD effects, we parametrize the B¯ → D
transition as [5]
〈D(pD)|c¯γµb|B¯(pB)〉 = fBD+ (q2)
(
P µ − P · q
q2
qµ
)
+ fBD0 (q
2)
P · q
q2
qµ , (26)
with P = pB + pD and q = pB − pD. Since the scalar form factor associated with H±
contributions is unknown, therefore, for calculating the ratio, we adopt the parametrization
given by [25]
RB¯→Dτντ =
B(B− → Dτν¯τ )
B(B− → Dℓ′ν¯ℓ′) = 0.2970 + 0.1065Re(sH) + 0.0178|sH|
2 (27)
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with
sH = − m
2
B −m2D
1−mc/mb
η2b
m2
H±
eiφ
τ
b , (28)
where we have neglected the small contributions from light leptons. Consequently, the
contour for RB¯→Dτν¯τ as a function of ηb/mH± and φ
τ
b is displayed in Fig. 5. We have
demonstrated that B(B− → Dτν¯τ ) is also sensitive to the effects of H±.
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FIG. 5: Contour for the ratio B(B− → Dτν¯τ )/B(B− → Dℓ′ν¯ℓ′) as a function of ηb/mH± and new
phase φτb .
In summary, we find a new scheme for Yukawa couplings in general THDM without
imposing symmetry. The scheme not only can avoid FCNC at tree level but also provides
a novel couplings of charged Higgs to fermions. With the constraint of b → sγ, we find
that the violation of lepton universality can be simplified to be the flavor dependent CP
violating phase factor, φℓDj . Unlike conventional type-II THDM, the new H
±-mediated
effects have the specialties: (a) the influence on Γ(K±e2)/Γ(K
±
µ2) cannot be eliminated, (b)
the decay constant of Ds could be enhanced, and (c) enhancement of branching ratio for
B+ → τ+ν could be accomplished.
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